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SUHIIAKY 



An investigation of the characteristics of air scoops 
was iiiacLe in the HACA propeller—research tunnel. The in— 
vesti-^ation shovred that, at inlet— velocity ratios eq/aal 
to or cvr eater than O.o, scoops iu a forward position on 
the fuv'^.ela^'o gave total pressures in the inlet nearly 
equal to free— stream total pressure. Scoops in positions 
for v/hich the ooundar:,- layer is appreciahle nust , ho^-r— 
ever, have some means of seijarating the "b oundar 3"— lay or 
air iroiTi the inlet air if satisfactory pressures are to "be 
ohtaiiicd. Critical llach nuLihors of 0.i;5 are ohtainaolo 
\;ith scoops on the forv/ard part of the fuselage. 

HJTHOLUCTIOH 



The present preliminary in^^est ij^at ion of the charac- 
teristics of air scoops is one phase of an ITACA research 
project to develop an efficient air inlet to meet the re- 
quirements of modern aircraft installations. The jjurpose 
of the investigation v^as to determine the effect of vary- 
ing the inlet— velocity ratio on the pressures available in 
the duct inlet and on the indicated critical Kach numher. 
The tests \:ore limited to scoops tested in two positions 
on a streamline "body. With the scoops in the midposition 
on the f^isolage, several methods for separatin-;^ the "bound- 
ary—layer air from the inlet air v;ere tried. 



APP^iHATUS 



The data of this report v/ere obtained from tests made 
in the propeller— r o'..' err ch tunnel on an ITACA 111 fuselage 
shape v/ith a fineness ratio of 5.0, The ordin^ites ^^iven 



in table I vere obtained from reierence 1 "bn.t are ex— 
pres3ed in a sli^rhtly different form. The top of the 
fuselage v;as fitted with ronovable v;ooden covers to v/hich 
ncoops of various shapes v/ere added. A rectangular stuh 
v;ing of IIACA 0015 section and 15— foot span v;as counted 
in a aidv^ing position on t}\e fuselage. figure 1 is a 
photograph shov/ing scoop B-l-c mounted on the model ready 
for testing. The air v/as taken in hy the scoop heing 
tested, passed throu^^h an axial— f lev/ fan, and exhausted 
through a duct leading to the v/ing tip. The air flow ^as 
increased or decreased "by regulating: the fan spoed. i'ig— 
ure 2 rhows the general arrangement of the raodel. The 
duct in the wing was in the form of a venturi tuhe, which 
was calibrated and used to ir.easure the ouantity of air 
flowing through the syste^n. 

Scoops were Liountod in two different positions on 
the fuselage. (See fig, 2.) Por the lorv^ard position, 
designated A, the entrance was 9-^ percent of the length 
of the fuselage hack from the nose and for the midposi- 
tion, designated B, the entrance \;as 37 percent from the 
nose. 

T.he six scoops tested are shown in figiires 3 to 8. 
The po;:^ition cf the scoop on the fuselage is indicated hy 
the letter A or 13 in the designation. The shape of the 
scoop inlets, which was nearly rectan-^ular with well- 
rounded corners, is shown by the numeral 1. liodifica- 
tions in the shape of the lip and the afterbody as well 
as various means of boundary—layer control are designated 
by a final letter. Ordinates for the outer surface and 
the inner surface at the lip are given in tables II and III. 

Scoops 3— 1-a, B-l-b, and 3— 1-c were similar except 
for various devices for separating the boundary-layer air 
from the inlet air. A screen having approximately the 
resistance of a radiator was fitted inside these three 
scoops more closely to simulate actual conditions. With 
scoop B—l—a, shov/n in figure 6, the boundary layer was 
bypassed v.nder the screen and taken into the model along 
with the res-D of the air. The inlet of scoop B-l-b, 
shown in figure 7, vras entirely outside the boundary layer 
and provisiono were made for the boundary— lay or air to 
flow around the outside of tne rest of the scoop. Scoop 
S~l-c, shown in figure 8, was similar to B-1— b except 
that, in order to prevent spillage of boundary—layer air 
into the duct, a sheet— metal shield was extended forward 
of the inlet a distance eq^ual to the height of the inlet 



IIETHOD 0¥ TDSTina 



Tests v/ere made of tlie riodel v/ithcut a scoop to de- 
termine the pressure di s t r ilDiit i on over the fuselage and 
the "bo'andary— laj'er thicknoss. The ooundary— lay er thick- 
ness vas deternined by surveys c'-t several stations alon^ 
the top o:r the rriodel ^ith rakes of t o t al— pr o s sur c tuhos. 

Heasur c:nont s of presraire distribution and pressure 
available in the scoop entrance v/ero Hade at an^'les of 
attcick of C"', 8^, and —8^ for inlot— velocity ratios vary- 
ing; fron 0 to about 0.8, The 0^ an^^le of attack vas taken 
as representative of level flie:ht with the scoop either 
on the top or on the bottom of the fuselage. The 3'^ 
angles of attack v;ere taken o.s represen tive of a climb- 
ing' attitude v/ith the ^-coov either on the top or on the 
botton of the fuselage. At these an-^cles of attiick, the 
lift coefficient is in the ne i.'^rhborhood of C.4 with the 
lev/ aspect ratio used. Pressures v/ere lueasured along the 
top of the entrance lip on the center line of each scoop. 
The total pressure civailable inside the sccop was measured 
by a rake of t ot al— pr es siir c tubes located on the center 
lino near the inlet. 



The follov/ing r:>yirbols are used in tho presentation of 
the r osul t s : 



RESULTS AlTD D 



ISCUSSIOiT 



s t at i c pr o s sur o 



I r e e~ s t r 0 an dy n ani i c p r e s sur e 




pressure coefficient 



v o 1 0 0 i •: 



k- 3 COOT inlet 



V 



free— strean velocity 



Vi/v inlot-volocity ratio 



H total pressure available at entrance: of scoop 
I'lq criticr.l Mach number 
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h depth of v^coop erx trance, inches 

X dist-\nce iro.-n top of ceo op entrance, inches 

a angle cf attack of anodel, degrees 

Tv70 important factors affectin.^^ the flow into the 
duct inlets are the "b cundary— lay er thickness and the sur- 
face—pressure districution ahead of the point at which 
the inlet is to he placed, ^hese characteristics for the 
test mod el are shov/n in fi^*ure 9. 

The critical Mach numlDer is plotted against inlet- 
velocity r?tio in fi/^ure 10 for each of the scoops cat 0^ 
angle of a^ttack. These critical Mach nurnhers v/ore oh-- 
tained froir. t:ie maximum negative jjressure coefficients 
p/q. hy t]ie ::ethod cf reference 2. As shov/n in fi^<ures 3 
and 4- J the afterbody cf acoop A— 1 was lengthened to make 
scoop A— 1— a in an atte^apt to raise the critical Mach nunter, 
but the resultant increase wau negligible. Scoop !B— 1— a 
was derived frorr. scocp 3—1 by lengthening the afterbody 
and changing the lip shape. (See figs. 5 and 6.) This 
change in shape resulted in an increase in critical Mach 
nuinber of about O.OS. Host scoops showed a uniform in- 
crease of critical Ilach number with increasing inlet- 
velocity ra.tio. The explanation of this effect is clearly 
given in reference o. 

The maximum speed over the lip of the scoop results 
from superposition of the induced velocities of the fuse- 
lage and of the scoop. If scoops of similar shape are 
placed in regions of different induced velocities on the 
fuselage, the scoop in the region of lov/est induced ve- 
locity will have the highest critical Hach number. For 
this reason scoops in position A had higher critical Mach 
numbers than scoops in position 3. 

The variation of the total pressures in the scoop in- 
lets \rit'^i inlet— velocity ratio and angle of attack is 
sho\rn in figure 11. The total pressvire available, in 
terms of free— stream dynfjunic pressure, is plotted against 
the distance from the top of the duct expressed in terms 
of the total height of the duct. The t ot al— pr e s sur e 
measurements were made on the center line of the duct en- 
trance. The total height of scoop 3-1-a included the 
boundary layer beneath the vane in the duct, which was 
set at 0.85 of the total height from the top of the duct. 



It vrill be noted that, for the tvio scoops in the A 
position the jjressures in the inlet are nearly equal to 
f r ee— s tr eaiii total pressure for inlet velocities at or 
ahove 0,o. At a ,^^'iven inlet— velo city r.Totio the prer.suros 
drop ofi for the 8 '"^ an-^le of attack; hov/ever , the condi- 
tions that cause tlic airT)lajie to cperats at :\n increased 
angle of attack aloC cause the inlet— velocity ratio to 
incre.'.ise i.-ith a c or e sp ond in.;; incre^ise in total x^^" s"^^' • 

The marked increase in pressure at inlet— velocity 
ratios at or ahove 0.3 in the modified 3 scoops in compari 
son v;ith the original scoop 1 is a. result of separating 
the 'boundary-layer air from the inlet air. At the A por. i- 
ti03i for vrhich the "boundary layer in thin, the effect of 
such a divir.ion would "be loss noticeable. 



COITCLUSIOKS 



It Old tests of si:: air scoops in two positions (for- 
ward and middle) on a streamline fui^elaf^e, it vras con- 
cluded that : 

1. She scoops tested in the forward position r;;ave 
total pressures in the inlet almost equal to free— stream 
total pressure for inlet— velocity ratios of 0.3 or ^^reater 

2. When the scoops were in positions for v;hich the 
boundary layer is appreciable, it was necessary to resort 
to some moans of separating the boundary— lay er air from 
the inlet air to avoid low total pressure in the inlet. 
Even with the methods tried, there v/as a decrease in the 
inlet pr 03 suros next to the body. 

3. The critical Mach number increases with inlet- 
velocity ratio. Jot tho forv..-ard por.ition of the scoop, 
a critical Mach number of 0.550 wo.s obtainable at an 
inlet-velocity ratio of 0.3. The highest critical ifach 
number for a licoop in the midposition was 0.5115 at an in- 
let-velocity ratio of 0.3. 

Langlej^ Memorial Aeronautical Laboratory, 
iJational Advisory for Aeronautics, 
Langley Tield, Va. 
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T^iBLE I 



FUSEW.GE OEDINATES 



Distance from nose 


Radius 


(in.) 


(percent length) 


(In.) 

\ ** ** • / 


(percent length) 


0 


0 


0 


0 


2.5 


1.25 


3.80 


1 , 90 


5.0 


2.5 


5. 7*5 


2.875 


10 .,0 


5.0 


8,62 


4,31' 

~T ■ J-l. 


15.0 


7.5 


10 . 72 


• ^ w 


20,0 


10.0 


12.i;0 


6.20 


30.0 


15.0 


li+.81| 


7.1+2 


uo.o 


20.0 


]6.^0 


8.25 


50.0 


25.0 


17.96 


8.93 


6o.o 


30.0 


18.96 


9. US 


70.0 


35.0 


19.614- 


9,82 


80,0 


ko.o 


20.00 


10.00 


90 oO 




20.00 


10.00 


100,0 


50.0 


19.72 


9.86 


110,0 


55.0 


19.01^ 


9.52 


120.0 


60.0 


17.96 


8.98 


130.0 


65.0 


l6.!+0 


8.20 


lUO.O 


70.0 


11+.U8 


7.2)+ 


150.0 


75.0 


12,21+ 


6.12 


160.0 


80.0 


9.82 


1^91 


170.0 


85.0 


7.1+2 


3.71 


180.0 


90.0 


U.93 


2.1+9 


1<^0.0 


95.0 


2,U8 


1.21+ 


195.0 


97.5 


1.25 


0.625 


200.0 


100.0 


0 


0 
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IABI3 II 

OEDIIIATES OS SCOOPS A--1 AWD A-l-a 



ScQop A-1 



itat ion 



(in.) 
(1) 



, 2 ij 

. 50 
. 75 
, 00 
/50 
00 
5 0 
00 
50 



5 . 00 
7.00 
9 , 00 
12.00 
15 . 00 
00 
00 



•T" 



Inner ! Outer 
ordinate ! ordinate 



Scoop A-l-a 



( in . ) 

(2) 



16.55 
16 .50 
18 .50 
16 .54 
16 . 64 



18 
21. 
21.25 



'.1. 00 



Nose radius .31 
Ordinate to 
center of 
none radius i 16.85 

— 4 



(in.) 

(2) 



17 

17 

17 

17 

18, 

18, 

18, 

15 , 
18 , 
13 , 
18 . 
18 , 
17. 
17. 

16 . 
IG . 



36 
51 
70 

8 5 
03 
23 
•i-i 
57 
70 
87 
79 
65 

9 4 
19 
9 2 
72 

Tanf;ent 
to body 



"1 — 



Inner 
or dinat e 
(in.) 
(2) 

16 .55 
16 .50 
16 .50 
16.54 
16 .64 



■'■Stations are measured iron nose o 
2 

Ordinates are aeasured fron cente 



Out er 
or dinat e 
(in.) 
(2) 

17 . 26 
17.51 
17.70 
17.83 

18 . 09 
18 . 28 
18 .44 
18 .57 
18 . 70 
18 .87 
18 .87 
18 .84 
18 . 30 
18 .75 
18 .69 
18 . 54 



18 .51 

Tangent 
! to body 



16.85 

f s CO op . 

r line of i.iodel 



TABLE III 



OEDIITaTES POR scoops 3-1 AlTD B-l-a 



St at ion 



( in . ) 

(1) 



.50 
. 75 

00 
50 
00 
00 
CO 
00 
00 
00 
8.50 
11 . 00 



1 , 
1, 
2. 
3 , 
4 
5 
6 , 
7, 



Scoo-^ 3—1 



Inner 
or din.'.t e 
(in.) 

(2) 



23 
23 
23 
23 
23 



9 4 
•3? 
86 
36 
8 7 



13.00 

15 . 00 

16 . 00 
22.00 
23 .94 

25 . 00 
28 .00 
31.00 
54 . 00 
36 . 00 
59.00 
41.61 

Hose radius 
Ordinate to 
center of 
nose radius 



.375 



24.30 



Out er 
ur dinat & 
( in . ) 
(2) 



Scoop 3—1— a 



24, 
25 , 
25 . 
25, 
25, 
25 , 
25, 
25 , 
25 , 
25, 
25, 
24 , 
23, 
23, 
22 , 
21 , 
20. 



84 
07 
24 
38 
51 
S2 
75 
80 
74 
6 0 
35 
90 
97 
17 
30 
26 
06 



tangent 
to body 



Inner 
ordin,at e 
! (in.) 
I (2) 



I 



23 
27 
23 
23 
23 



,88 
83 

.82 
.83 
.84 



.19 



24.14 



Out er 
or dinat 
(in.) 
(2) 



24.45 
24.63 

24 . 72 
24.89 

25 . 09 
25 . 21 
25 , 37 
25 .42 
25 .41 
25,38 
25 . 27 
25 . 08 
24.71 
24.36 
23.9 3 
25 . 22 
22 . 28 



21.59 
20.92 
20 . 29 
19 .72 
19 . 35 
le .84 
Tangrent 
to "body- 



Stations are measured iron noce of scoop. 
Ordinates are measured from center line of model 




O 3 6 3 /2.*» • 
I.I.I I I \ \ I 



ScQle^ inches 
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